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(54) Surface acoustic wave device 

(57) A surface acoustic wave device includes a pie- 
zoelectric substrate (11), and comb-shaped electrodes 
(20a-f) each having a bus bar (21a-f) and a plurality of 



FIG. 2 



electrode fingers (22) disposed on the piezoelectric sub- 
strate. At least one of the fingers (22) and the bus bar 
are connected to each other via at least two different 
connecting portions at two different locations. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave device having an interdigital transducer 
disposed on a piezoelectric substrate. 

2. Description of the Related Art 

[0002] A conventional surface acoustic wave device 
will be now described with reference to FIG. 6. 
[0003] The conventional surface acoustic wave de- 
vice 130 includes a piezoelectric substrate 111 made of 
LiTa0 3 , LiNb0 3> or the like, and a pair of comb-shaped 
electrodes 120 made of A1 or the like, disposed oppo- 
site to each other on the piezoelectric substrate 111 so 
as to define an interdigital transducer. Each of the comb- 
shaped electrodes 120 has a plurality of electrode fin- 
gers 1 22 and a bus-bar 1 21 to which one of the ends of 
each of the electrode fingers are connected. 
[0004] On the piezoelectric substrate 111 , a bonding 
pad 113 is connected to the bus bar 121. This surface 
acoustic wave filter is accommodated in a package 
which is not shown in Fig. 6. The bonding pad 113 and 
a pad (not shown) provided in the package are connect- 
ed via wire bonding. 

[0005] In recent years, mobile communication sys- 
tems or the like operating at high frequency have been 
advanced more widely. It is required that surface acous- 
tic devices for use in such systems satisfy increasing 
high frequency requirements. 

[0006] A surface acoustic wave device is designed 
based on material factors such as an electromechanical 
coupling factor, a reflectivity of a reflector, and so forth. 
These material factors depend on a ratio (h/X) of the film 
thickness (h) of the interdigital transducer to a wave 
length {X) of a surface acoustic wave which is excited 
on the substrate. Ordinarily, the ratio (h/X) of a wave- 
length relative to a film thickness is limited to the ranges 
of several percent to ten percent, due to the electric 
characteristics of the surface acoustic wave device. Ac- 
cordingly, it is necessary to reduce the film thickness h 
of the interdigital transducer in accordance with the 
shorter wave length X to cope with the requirements for 
the surface acoustic wave device operating in a short 
wavelength band, namely, at a high frequency wave 
band. 

[0007] However, the surface acoustic wave device is 
exposed to high temperature conditions during the pro- 
duction steps thereof or during the operation thereof. It 
has been discovered by the inventors of the present in- 
vention, that in such a high temperature environment, 
defects may be caused in the interdigital transducer 
such as a small thickness and low strength, due to a 
difference between the coefficients of linear expansion 



of the piezoelectric substrate and of the interdigital 
transducer. Thus, such defects tend to occur in a wide- 
area portion of the interdigital transducer. That is, such 
defects are often caused in a bus bar, particularly, in an 
s edge of the bus bar. In the event that a defect occurs in 
the connection location between a finger of the comb- 
shaped electrode and the bus bar, the finger and the bus 
bar are disconnected from each other which causes 
problems in the characteristics of the surface acoustic 
wave device, such as increasing of the insertion loss, 
changing of the frequency band, and other problems. 

SUMMARY OF THE INVENTION 

[0008] To overcome the problems described above, 
preferred embodiments of the present invention provide 
a surface acoustic wave device in which the character- 
istics thereof are prevented from being deteriorated 
even when exposed to a high temperature environment. 
[0009] According to one preferred embodiment of the 
present invention, a surface acoustic wave device in- 
cludes a piezoelectric substrate and comb-shaped elec- 
trodes each having a bus bar and a plurality of fingers 
disposed on the piezoelectric substrate, wherein at least 
one of the fingers and the bus bar are connected through 
at least two different connecting portions at two different 
locations. 

[0010] Fingers which are adjacent to each other and 
connected to the same bus bar may be connected to 
each other through a finger-connecting electrode pro- 
vided in the vicinity of the connection locations between 
the fingers and the bus bar. 

[0011] Further, the finger-connecting electrode and 
the bus bar may be connected to each other through a 
bus-bar-connecting electrode. 

[0012] According to another preferred embodiment of 
the present invention, a surface acoustic wave device 
includes a piezoelectric substrate and comb-shaped 
electrodes each having a bus bar and a plurality of fin- 
gers disposed on the piezoelectric substrate, wherein at 
least one portion of the bus bar located near connection 
portions connecting the bus bar and the fingers is re- 
moved so that a remaining bus bar is defined, and the 
fingers which are adjacent to each other and connected 
to the same bus bar are connected to each other through 
the remaining bus bar at a location near the connection 
portions extending between the bus bar and the fingers. 
[0013] Further, a portion of the bus bar located near 
connection portions which extend between the bus bar 
and the fingers is removed so that the remaining bus 
bar connecting the fingers which are adjacent to each 
other, and a bridging bus bar connecting the remaining 
bus bar to a substantial bus bar are formed. 
[0014] Accordingly, even if a defect occurs in the con- 
nection locations between the bus bar and the fingers 
of the comb-shaped electrode, which defect may be 
caused, for example, by a difference between the coef- 
ficients of linear expansion of the piezoelectric substrate 
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and of the comb-shaped electrode, ^conduction be- 
tween the fingers and the bus bar is possible through 
the other connecting portions or routes having no defect. 
Thus, an increase in the insertion loss and changing of 
the frequency band of the surface acoustic wave device 
can be prevented. 

[0015] In addition, preferably the line widths of the 
two-connecting portion electrodes for connecting the 
finger to the bus bar, the finger-connecting-electrode, 
the bus-bar-connecting electrode, the remaining bus 
bar, and the bridging bus bar are nearly equal to the line 
width of the fingers. 

[0016] Accordingly, it is possible to prevent the elec- 
trical resistance from being increased and to prevent the 
likelihood of defects from being increased, which is 
caused by narrowing and widening of the line widths, 
respectively. 

[0017] For the purpose of illustrating the present in- 
vention, there is shown in the drawings several pre- 
ferred embodiments and forms which are presently pre- 
ferred, it being understood, however, that the invention 
is not limited to the precise arrangements and instru- 
mentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a partial schematic perspective view 
of a surface acoustic wave filter according to a preferred 
embodiment of the present invention. 
[0019] FIG. 2 is a partial, enlarged plan view of the 
bus bar and fingers of a first preferred embodiment ac- 
cording to the present invention. 
[0020] FIG. 3 is a partial, enlarged plan view of the 
bus bar and fingers of a second preferred embodiment 
according to the present invention. 
[0021] FIG. 4 is a partial, enlarged plan view of the 
bus bar and fingers of a third preferred embodiment ac- 
cording to the present invention. 
[0022] FIG. 5 is a partial, enlarged plan view of the 
bus bar and fingers of a fourth preferred embodiment 
according to the present invention. 
[0023] FIG. 6 is a perspective view of a conventional 
surface acoustic wave device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] A surface acoustic wave device according to a 
preferred embodiment of the present invention will be 
now described with reference to FIG. 1 . FIG. 1 shows a 
part of a surface acoustic wave device 30. 
[0025] As shown in FIG. 1 , the surface acoustic wave 
device 30 includes a piezoelectric substrate 11 prefera- 
bly made of LiTa0 3 , LiNb0 3 , quartz, or other suitable 
material, and interdigital transducers 31 and 32 prefer- 
ably made of A1 and disposed on the piezoelectric sub- 
strate 11 . The interdigital transducer 31 includes a pair 
of comb-shaped electrodes 20a and 20b which include 



a plurality of electrode fingers 22 and bus bars 21a and 
21b, respectively, to which all the electrode fingers 22 
are connected so that the pair of comb-shaped elec- 
trodes 20a and 20b are interdigitated with each other. 

s In the same manner, the interdigital transducer 32 in- 
cludes a pair of comb-shaped electrodes 20c and 20d 
which include of plurality of electrode fingers 22 and bus 
bars 21 c and 21 d, respectively, to which all the electrode 
fingers 22 are connected so that the pair of comb- 

10 shaped electrodes 20a and 20b are interdigitated with 
each other. 

[0026] The line width and the line pitches of the elec- 
trode fingers 22 and the thicknesses of the interdigital 
transducers 31 and 32 are preferably formed via photo- 
is lithography such that desired characteristics are 
achieved, as described below. 

[0027] In this preferred embodiment, the surface 
acoustic wave device 30 is preferably used as a trans- 
versal surface acoustic wave filter 10. On the piezoelec- 

20 trie substrate 11, bonding pads 13a, 13b, 13c, and 13d 
are arranged so as to be connected to the bus bars 21a, 
21b, 21c, and 21 d, respectively. The surface acoustic 
wave filter 10 is provided in a package 16 (shown in part 
in Fig. 1 ). The bonding pads 1 3a, 1 3b, 1 3c, and 1 3d are 

25 connected via wires 1 4 to pads 1 5 provided in the pack- 
age 16. Further, the bonding pad 13b of interdigital 
transducer 31 and the bonding pad 1 3c of the interdigital 
transducer 32 are connected to ground through the pads 
15 of the package 16. 

30 [0028] A signal is input to the bonding pad 1 3a of the 
interdigital transducer 31 , and a surface acoustic wave 
is excited in the finger portion of the interdigital trans- 
ducer 31 . The surface acoustic wave propagates to the 
interdigital transducer 32, and an output signal is output 

35 from the bonding pad 1 3d of the interdigital transducer 
32. 

[0029] FIG. 2 illustrates the connection between the 
electrode fingers 22 of the comb-shaped electrode 20a 
and the bus bar 21a. As shown in FIG. 2, the comb- 

40 shaped electrode 20a includes n fingers 22 (n is a nat- 
ural number equal to one or more), and the bus bar 21 a. 
The kth finger (k is a natural number of 1 through n) of 
the comb-shaped electrode 20a is branched into two 
connection portions or routes ka, kb in the vicinity of the 

45 connection location between the kth finger and the bus 
bar 21a. Thus, the kth finger is connected to the bus bar 
21 a through connecting portions at two isolated and dif- 
ferent locations of the bus bar 21a. Accordingly, even if 
a defect occurs in the connection portion between the 

50 bus bar 21a and the connection portion ka so as to dis- 
connect the connection portion ka from the bus bar 21 a, 
the kth finger and the bus bar 21a are still electrically 
connected and kept in the conducting state through the 
connection portion kb. Thus, it is much less likely that 

55 the insertion loss is increased and the frequency band 
is changed, which results from disconnection between 
the bus bar 21a and the kth finger. 
[0030] As can be appreciated, each of the electrode 
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fingers 22 in the comb-shaped electrodes 20b, 20c and 
20d is also connected to bus bars 21b, 21c and 22d 
through two connecting portions or routes, respectively, 
in a manner similar to that described above. 
[0031] A second preferred embodiment of the present 
invention will be described below. The description of like 
parts in the above-described preferred embodiments is 
omitted, and only the connection between the bus bar 
and the fingers of the comb-shaped electrodes will be 
explained with reference to FIG. 3. 
[0032] As shown in FIG. 3, a comb-shaped electrode 
20e includes n electrode fingers 22 (n is a natural 
number equal to two or more), and a bus bar 21 e. The 
electrode fingers 22 are connected to the bus bar 21 e 
at one end thereof. Further, the comb-shaped electrode 
20e includes a finger-connecting electrode 23 which is 
spaced from the bus bar 21 e at a predetermined dis- 
tance and extends along the bus bar 21 e so as to con- 
nect between the electrode fingers 22. As a result, the 
kth finger (k is a natural number of 1 through n-1) and 
the (k+1 )th finger of the comb-shaped electrode 20e are 
connected to each other through a finger connecting 
electrode 23 provided in the vicinity of the connection 
locations between the bus bar 21 e and the fingers 22. 
In this configuration, even if a defect is caused in the 
connection portion between the kth finger of the comb- 
shaped electrode 20e and the bus bar 21 e, the kth finger 
is kept in its conduction state through the finger-con- 
necting electrode 23 and the other fingers. Thus, the 
connection portions between the kth finger and the bus 
bar 21 e are increased in number. As a result, there is a 
greatly reduced probability that the insertion loss is in- 
creased and the frequency band is changed, which re- 
sults from disconnection between the bus bar 21 e and 
the kth finger. 

[0033] A third preferred embodiment of the present in- 
vention will be described below. The description of like 
parts in the above-described preferred embodiments is 
omitted, and only the connection between the bus bar 
and the fingers of a comb-shaped electrode will be de- 
scribed with reference to FIG. 4. 
[0034] As shown in FIG. 4, a comb-shaped electrode 
20f is different from the comb-shaped electrode 20e in 
that the comb-shaped electrode 20f further includes the 
bus-bar-connecting electrodes 24 which are provided 
between each adjacent pair of electrode fingers 22 
along the electrode fingers 22 and are connected to the 
finger connecting electrode 23 and the bus bar 21 f. 
Thus, the connecting routes or portions between the kth 
electrode finger and the bus bar 21 f are increased in 
number, which greatly reduces the possibility that the 
insertion loss is increased and the frequency band is 
changed by disconnection of electrode fingers. 
[0035] In the preferred embodiments, the comb- 
shaped electrodes 20a, 20b, 20c, 20d, 20e, and 20f , and 
the bonding pads 1 3a, 1 3b s 1 3c, and 1 3d are preferably 
formed by photolithography. In the first preferred em- 
bodiment, the connection portions or routes ka and kb 



into which the finger k is branched, are preferably 
formed together with the comb-shaped electrodes 20a, 
20b, 20c, 20d, 20e, and 20f, and the bonding pads 1 3a, 
13b, 13c, and 13d, via photolithography. In the second 

5 and third preferred embodiments, the finger-connecting 
electrode 23 and the bus-bar-connecting electrode 24 
are preferably formed together with the comb-shaped 
electrodes 20a, 20b, 20c, 20d, 20e, and 20f, and the 
bonding pads 13a, 13b, 13c, and 13d, via photolithog- 

10 raphy. In this process, the connecting portions or routes 
ka and kb, the finger-connecting electrode 23, and the 
bus-bar-connecting electrode 24 are formed so that the 
line widths thereof are nearly equal to the line width of 
the electrode fingers 22. If the line widths are formed so 

15 as to have a narrow width as compared with the finger 
k, the electric resistances are increased in the narrow 
portions, causing the insertion loss to increase. If the 
line widths are formed so as to be larger than a width of 
the finger k, the probability of a defect occurring be- 

20 comes high since the line areas are increased. Accord- 
ingly, for the characteristics of the surface acoustic wave 
device 30, it is most preferable that the line widths of the 
connection portions ka and kb, the finger-connecting 
electrode 23, and the bus-bar-connecting electrode 24 

25 are nearly equal to the line width of the finger k. 

[0036] Last, a fourth preferred embodiment of the 
present invention will be described. The description of 
like parts in the above-described preferred embodi- 
ments is omitted, and only the connection between the 

30 bus bar and the fingers of an comb-shaped electrode 
will be explained with reference to FIG. 5. 
[0037] In this preferred embodiment, a comb-shaped 
electrode 20g preferably includes n (n is a natural 
number equal to two or more) electrode fingers 22 and 

35 a bus bar 21 g. A part of the bus bar 21 g in the vicinity 
of the connection locations between the fingers 22 and 
the bus bar 21 g is removed. More specifically, the fin- 
gers 22 which are adjacent to each other and connected 
to the same bus bar 21 g are connected to each other 

^0 through a remaining bus bar 25 which is not removed. 
The remaining bus bar 25 and a substantial bus bar 27 
having a wide area are connected through a plurality of 
bridging bus bars 26. With this configuration, even if a 
defect is caused in the connection portion between one 

45 of the bridging bus bars 26 and the substantial bus bar 
27 of the comb-shaped electrode 20g so as to cause 
disconnection therebetween, the fingers 22 are kept in 
the conducting state through the remaining bus bar 25 
and the other bridging bus bars 26. Accordingly, the 

50 number of connecting routes or portions between the 
fingers 22 and the substantial bus bar 27 is increased. 
Thus, there is much less probability that the disconnec- 
tion between the substantial bus bar 27 and the bridging 
bus bar 26 causes the insertion loss to increase and the 

55 frequency band to change. 

[0038] Also in this preferred embodiment, for the 
above-described reason, the remaining bus bar 25 and 
the bridging bus bars 26 preferably have a line width 
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that is substantially equal to that of the fingers 22. 
[0039] The present invention is applicable to a surface 
acoustic wave device in which comb-shaped electrodes 
are provided on a piezoelectric film formed on a piezo- 
electric substrate, or a piezoelectric film is formed on a 
piezoelectric substrate containing comb-shaped elec- 
trodes. The present invention is applicable to other res- 
onator surface acoustic wave filters, in addition to a 
transversal surface acoustic wave filter, 
[0040] As is explained with reference to preferred em- 
bodiments according to the present invention, in the 
comb-shaped electrode of the surface acoustic wave 
device, the connection between a finger and the bus bar 
is achieved through at least two connection portions or 
routes at two different, independent locations. Accord- 
ingly, even if a defect occurs in the connection portion 
between the finger and the bus bar, the finger and the 
bus bar are kept in the conducting state through the oth- 
er connecting portion having no defect. Thus, increasing 
of the insertion loss and changing of the frequency band, 
which are caused by disconnection between the bus bar 
and the finger, are reliably prevented. As a result, a sur- 
face acoustic wave device having a high reliability can 
be provided. 

[0041] According to the present invention, in the 
comb-shaped electrode of the surface acoustic wave 
device, fingers which are adjacent to each other are con- 
nected to the same bus bar and may be connected 
through the finger-connecting electrode. Moreover, the 
finger connecting electrode and the bus bar may be con- 
nected through the bus-bar-connecting electrodes. 
Consequently, increasing of the insertion loss and 
changing of the frequency band, which are caused by 
disconnection between the bus bar and a finger, are re- 
liably prevented without requiring more manufacturing 
steps or a more difficult forming process, as compared 
with formation of conventional comb-shaped electrodes 
via photolithography. 

[0042] According to preferred embodiments of the 
present invention, the line widths of connection elec- 
trodes, such as the finger-connecting electrode, and the 
bus-bar-connecting electrode, into which a finger is 
branched are preferably substantially equal to the line 
width of the finger. As a result, any increase in the in- 
sertion loss, caused by increase of the electric resist- 
ance, and any increase in the occurrence of defects are 
reliably prevented. 

[0043] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. 



Claims 

1. A surface acoustic wave device comprising: 



a piezoelectric substrate (11); and 
a plurality of comb-shaped electrodes (20a-f) 
each having a bus bar (21a-f) and a plurality of 
fingers (22) disposed on said piezoelectric sub- 
s strate; 

wherein at least one of said fingers and said 
bus bar are connected to each other through at 
least two connecting routes. 

10 2. A surface acoustic wave device according to Claim 
1 , wherein said at least two connecting routes com- 
prise at least two separate connecting electrodes 
(ka.kb). 

15 3. A surface acoustic wave device according to Claim 
1 , wherein said at least two connecting routes are 
completely isolated from each other and are located 
at two different locations on said piezoelectric sub- 
strate. 

20 

4. A surface acoustic wave device according to Claim 
1, further comprising a finger-connecting electrode 

(23) , wherein adjacent ones of said fingers (22) 
which are connected to the same bus bar (21 e) are 

25 connected to each other via said finger-connecting 
electrode (23) provided near areas of connection 
between said fingers and said bus bar. 

5. A surface acoustic wave device according to Claim 
30 4, further comprising a bus-bar-connecting elec- 
trode (24), wherein said finger-connecting elec- 
trode (23) and said bus bar (21 f) are connected to 
each other via said bus-bar-connecting electrode 

(24) . 

35 

6. A surface acoustic wave device according to Claim 
4, wherein said at least two connecting routes com- 
prise at least two separate connecting electrodes 
(ka.kb) arranged to connect the finger to the bus 

40 bar, and a line width of each of said two connecting 
electrodes and said finger-connecting electrode 
(23) are substantially equal to the line width of said 
fingers. 

45 7. a surface acoustic wave device comprising: 

a piezoelectric substrate (11); and 

a plurality of comb-shaped electrodes (20g) 

each having a bus bar (21 g) and a plurality of 

50 fingers (22) disposed on said piezoelectric sub- 

strate, said bus bar and said plurality of fingers 
being connected to each other at a plurality of 
connection locations, wherein a portion of said 
bus bar located near at least one of the connec- 

55 tion locations between said bus bar and said 

fingers is removed so that a remaining bus bar 
(25) is provided, and adjacent ones of said fin- 
gers which are connected to the same bus bar 
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are connected to each other via said remaining 
bus bar near the connection locations between 
said bus bar and said fingers. 

8. A surface acoustic wave device according to Claim 5 

7, wherein the portion of said bus bar located near 
at least one of the connection locations between 
said bus bar and said fingers is removed so that a 
bridging bus bar (26) and substantial bus bar (27) 

are provided, the remaining bus bar (25) being ar- io 
ranged so that the remaining bus bar connects ad- 
jacent ones of said fingers (22) to each other and 
said bridging bus bar (26) connects said remaining 
bus bar to said substantial bus bar (27). 

rs 

9. A surface acoustic wave device according to Claim 

8, wherein at least one of said fingers (22) and said 
bus bar are connected to each other through at least 
two connecting routes comprising at least two sep- 
arate connecting electrodes. 20 

10. A surface acoustic wave device according to Claim 

9, wherein a line width of each of said two connect- 
ing electrodes connecting the finger to the bus bar, 
said remaining bus bar (25), and said bridging bus 25 
bar (26) are substantially equal to the line width of 
said fingers. 
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